Abstract: This experimental study characterizes the influence, on the damage evolution, of ZnI2 impregnation under stress during creep of carbon/epoxy laminate. It appears that ZnI2 impregnation under stress very much accelerates the damage evolution, with the initiation and propagation of numerous cracks. The higher the applied stress is, the more important is the ZnI2 influence.
Introduction and test procedure:
NOT methods are of a great use in studying the damage development in composite materials. In particular, for CFRP laminates, X-radiography offers a very good resolution on transverse ply cracking detection (1) . Nevertheless, some authors have noticed an influence of the Zinc Iodide penetrant on the damage evolutions (2) .
The objective of this experimental study is to characterize the influence of Zinc Iodide impregnation of the specimen on the damage evolution due to creep of damaged composite laminates.
The tests were performed on a T300/914 carbon/epoxy [-45 /+45/902l0/902l+45/-45ls laminate. Notched (two circular holes) and unnotched rectangular coupons were studied.
In a first step, all the specimens are loaded in tension up to 60% of the ultimate quasistatic failure stress (crR), in order to create "initial" damage. Then, these coupons are maintained during approximately a hundred hours under constant stresses, lower or equal to 60% O"R.
Two methodologies have been employed to follow the damage evolution (see figure  1 ). For some of the specimens, only a damage comparison before and after creep have been made :Zinc Iodide penetrant was then applied to both edges of the unloaded specimen, two times, at the beginning and at the end of test. For other specimens, the damage evolution was followed throughout the test: so, the loaded specimen was frequently impregnated with ZnI2 penetrant. This last method was possible because the little testing creep machine was placed inside the X-ray unit. Examples of the Zinc Iodide penetrant influence:
Photographs I and 2 are giving an illustration of the observed damage at the end of tests in notched and unnotched specimens which have been both loaded 100 hours at cr = 30% OR with the two experimental procedures described above (figure 1).
For the two specimen geometries, a catastrophic damage evolution is observed when numerous ZnI2 impregnations have been made. In unnotched coupons, during creep "with ZnI2", very numerous short cracks appear in 90 0 plies at the edges; these cracks rapidly propagate inside the specimen width. Then, cracks appear in ±45°plies, and they are followed by edge delaminations. At the end of tests, the damage is generalized to the whole coupon (photograph I-a). After 100 hours of loading "without ZnI2', only a few transverse cracks are observed which initiate at the specimen edge and never span the entire specimen width (photograph I-b).
a : r--166 hours, without ZnI2
Photographs l-a and l-b : comparison of damage at the end of creep tests (30% crR) in unnotched specimens
In notched specimens loaded "with ZnI2", transverse cracks distribution is evolving during test: firstly in the vicinity of holes, new cracks appear at the edge, in front of the holes. In the same time, a sligth crack propagation is noted in the ±45°plies, whereas the delaminations are not evolving (photograph 2-b). "Without ZnI2", no cracks are observed at the specimen edges, and the crack propagation inside the ±45°plies remains very slight (photograph 2-b).
These previous observations have been made on the two specimen geometries for different creep loading levels (15%, 30%, 60% crR), and they appeared as more pronounced as the creep stress was high. It is observed that a very slight damage evolution is observed when the stress is equal to zero: approximately 40% for the unnotched specimens and 20% for the notched ones.
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Nevertheless, a very important acceleration of damage processes is obtained when the stress level becomes higher than 30% erR for unnotched coupons and 15% erR for notched ones. For example, an unnotched specimen failed after 100 hours under 60% erR "with Zn12" (with a corresponding S/SO = 100), whereas "without Zn12" no failure was obtained after 27 days (S/SO = 9)! It must be noted that 15% erR and 30% erR precisely correspond to the stress necessary under static loading to initiate the first transverse crack, respectively in notched and unnotched specimens. During creep tests under higher stress values, an increase in crack number is already observed at the specimen edges, "without ZnI2". But the application of Zn12 greatly increases the number of cracks which initiate at the specimen edge.
• 
Conclusions:
This experimental study has allowed us to characterize the influence of ZnI2 impregnation on the damage development during creep tests.
A continuous ZnI2 impregnation throughout tests lead to a catastrophic acceleration of damage processes. This phenomenon is as important as the creep stress is high. Nevertheles, it becomes neglectible when the impregnation is realized on unstressed coupons.
When using RX radiography as a non destructive method to study damage pattern evolution, it is necessary to follow a very strict impregnation methodology that does not modify damage processes during the considered loading.
